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$EVWUDFW
6LWDJOLSWLQ67*DGUXJIRUWUHDWLQJ7\SH,L'LDEHWHV0HOOLWXV7'0KDVEHHQDVVRFLDWHGZLWKVHYHUHMRLQWSDLQ
LQ VRPH SDWLHQWV ,Q WKLV SDSHU WKH PHWDEROLF SURILOH RI WKH GUXJ KDV EHHQ LQYHVWLJDWHG LQ RUGHU WR GHWHUPLQH
PHWDEROLVPDQGIRUPDWLRQRIUHDFWLYHFRPSRXQGVZKLFKPD\FRQWULEXWHWRWKLVDGYHUVHHIIHFW0HWDEROLVPRI67*
ZDVLQYHVWLJDWHGLQYLWURE\LQFXEDWLRQZLWKIUHVKO\LVRODWHG6SUDJXH'DZOH\UDWKHSDWRF\WHVWRFKDUDFWHUL]H3KDVH,
DQG,,PHWDEROLWHVDQGWKHUHDFWLRQPL[WXUHDQDO\VHGRQD]ZLWWHULRQLFK\GURSKLOLFLQWHUDFWLRQ=,&+,/,&FROXPQ
XVLQJ/&06DQG/&06XWLOLVLQJHOHFWURVSUD\LRQL]DWLRQ(6,LQWKHSRVLWLYHLRQPRGH
67*ZDVPHWDEROLVHGWR\LHOGHOHYHQPHWDEROLWHVEXWLQWRWDORQO\RIWKHSDUHQWGUXJZDVPHWDEROLVHGRYHU
KUVLQFXEDWLRQ7KHVHPHWDEROLWHVZHUHVWUXFWXUDOO\FKDUDFWHUL]HGRQWKHEDVLVRIDFFXUDWHPDVVDQDO\VHVDQGWKH
PDMRUPHWDEROLFURXWHVIRU67*GHWHUPLQHGWREHYLDDURPDWLFR[LGDWLRQDQGGHVDWXUDWLRQRI1&DQG&&RI
WKHSLSHUD]LQH
1RYHO PHWDEROLWHV RI 67* GHWHFWHG XVLQJ WKHVH PHWKRGV LQFOXGHG 67* 1JOXFXURQLGH 0 DQG D GLNHWRQH
PHWDEROLWH 0 K\GUR[\ODWLRQ RI ERWK WKH DPLQH JURXS DQG DURPDWLF ULQJ IROORZHG E\ IRUPDWLRQ RI JOXFXURQLGH
PHWDEROLWHV00¶R[LGDWLYHGHVDWXUDWLRQRI1+DQGGLK\GUR[\ODWLRQRIPHWDEROLWHVIROORZHGE\ORVVRI+)
$OVR REVHUYHG ZDV DQ 1VXOIDWH PHWDEROLWH  DQG DFHW\ODWLRQ IROORZHG E\ JOXFXURQLGH FRQMXJDWLRQ ZDV
DOVR IRXQG LQ WUDFH DPRXQWV  06 IUDJPHQW LRQV SURYLGH DGGLWLRQDO VWUXFWXUDO FRQILUPDWLRQ SURYLGLQJ D
SRVVLEOH VWUXFWXUH IRU PRVW PHWDEROLWHV VXFK DV E\ IUDJPHQW LRQ ORVV RI WKH JOXFXURQLGH JURXS  'D IURP
PHWDEROLWH0DQGORVVRIWKHSKHQROLFVXOIDWH'DRI16XOIDWHPHWDEROLWH0
5HGXFWLRQ UHDFWLRQRISLSHUD]LQH ULQJSUREDEO\JHQHUDWHVKLJKO\HOHFWURSKLOLFPHWDEROLWHRI67*ZKLFKPD\EH
VXVFHSWLEOHWRSURGXFHDGYHUVHHIIHFWV)XUWKHUPRUH1R[LGDWLRQUHDFWLRQIRUPLQJUHDFWLYHLQWHUPHGLDWHVPHWDEROLF
WRJLYHDK\GUR[\ODPLQHPHWDEROLWHWKDWPD\XQGHUJRIXUWKHUUHDFWLRQVWR\LHOGHOHFWURSKLOLFLQWHUPHGLDWHPHWDEROLWHV
.H\ZRUGV 67* '33 'LSHSWLG\O SHSWLGDVH  0HWDEROLVP =,&
+,/,&0DVVVSHFWURPHWU\
$EEUHYLDWLRQV
67* 6LWDJOLSWLQ /&06 /LTXLG &KURPDWRJUDSK\0DVV
6SHFWURPHWU\ /& ?06 /LTXLG &KURPDWRJUDSK\ ?0XOWLSOH 0DV
6SHFWURPHWU\ (6, (OHFWURVSUD\ ,RQL]DWLRQ &,' &ROOLVLRQ,QGXFHG
'LVVRFLDWLRQ7'07\SH'LDEHWHV
,QWURGXFWLRQ
'LDEHWHV PHOOLWXV LV D GLVRUGHU RI PHWDEROLVP ZKLFK LV D PDMRU
SXEOLFKHDOWKSUREOHPLQDOOSDUWVRIWKHZRUOGDQGUHFHQWO\WKH:RUOG
+HDOWK2UJDQL]DWLRQVXJJHVWHG WKDW LQDOOSDUWVRI WKHZRUOGDOPRVW
PLOOLRQGHDWKVDQQXDOO\FDQEHDWWULEXWHGWRGLDEHWHV:LWKLQ\HDUV
LWLVH[SHFWHGWKDWDERXWPLOOLRQSHRSOHZRUOGZLGHZLOOVXٶHUIURP
GLDEHWHVPHOOLWXVZLWK7\SH'LDEHWHV0HOOLWXV7'0UHSUHVHQWLQJ
DERXWRIFDVHVGLDJQRVHG>@
67*LVDQDQWLGLDEHWLFDJHQWRIWKH'LSHSWLG\O3HSWLGDVH,Y,QKLELWRU
'33,9 FODVV >@ ,W ZDV DSSURYHG E\ WKH )RRG DQG 'UXJ
$GPLQLVWUDWLRQ )'$ LQ 2FWREHU  DQG SURGXFHG DV D VLQJOH
WKHUDS\WRWUHDW7'0E\0HUFN3KDUPDFHXWLFDO&RPSDQ\XQGHUWKH
WUDGH QDPH -DQXYLDp НHVH '33,9 LQKLELWRUV DUH XVHG DV
PRQRWKHUDS\DQGDVDGGRQWKHUDS\LQSDWLHQWVZLWK7'0НH)'$
DJUHHG WR WKH VLWDJOLSWLQPHWIRUPLQ -DQXPHW70 0HUFN 	 &R
FRPELQDWLRQ LQ $SULO  DV DQ DVVLVWLYH WUHDWPHQW LQ FRPELQDWLRQ
ZLWK GLHW DQG H[HUFLVH WR LPSURYH FRQWURO RI EORRG VXJDU LQ DGXOW
SDWLHQWVVXٶHULQJIURP7'0>@
5HFHQWO\WKH)'$ZDUQHGWKDWVRPH7'0PHGLFLQHVVXFKDV67*
FDXVHG VHYHUH MRLQW SDLQ WKHVH V\PSWRPV ZHUH UHOLHYHG DіHU WKH
-RXUQDORI'UXJ0HWDEROLVP	
7R[LFRORJ\ .KUHLWHWDO-'UXJ0HWDE7R[LFRO'2,
5HVHDUFK$UWLFOH 20,&6,QWHUQDWLRQDO
-'UXJ0HWDE7R[LFRODQRSHQDFFHVVMRXUQDO
,661
9ROXPH ?,VVXH ?
SDWLHQWGLVFRQWLQXHGWKHGUXJV$WSUHVHQWWKHPHFKDQLVPUHVSRQVLEOH
IRU WKLV DGYHUVH HٶHFW LV QRW NQRZQ HLWKHU LQ WHUPV RI WKH FKHPLFDO
VSHFLHV LQYROYHG RU WKH SK\VLRORJLFDO SURFHVVDٶHFWHG 8QGHUVWDQGLQJ
WKHPHWDEROLFSDWKZD\VDQGIRUPDWLRQRIUHDFWLYHPHWDEROLWHVZLOODLG
XQGHUVWDQGLQJRILQWKHYLYRPHWDEROLVPOLNHO\SKDUPDFRNLQHWLFVDQG
DGYHUVHHٶHFWVRIWKLVFODVVRIPHGLFLQH>@НHFKHPLFDOVWUXFWXUHRI
67*LVVKRZQRQ)LJXUH
)LJXUH&KHPLFDOVWUXFWXUHRI6*7
,QWKHOLWHUDWXUHWKHUHDUH*DV&KURPDWRJUDSK\0DVV6SHFWURPHWU\
*&06PHWKRGVIRUWKHGHWHUPLQDWLRQRI67*LQELRORJLFDOVDPSOHV
+RZHYHUWKHVHFKURPDWRJUDSKLFVWXGLHVUHTXLUHDFRPSOLFDWHGSURFHVV
WR HQDEOH LGHQWLٽFDWLRQ RI WUDFH DPRXQWV RI 67* PHWDEROLWHV XVLQJ
GU\LQJ DQG WKHQ GHULYDWLVDWLRQ E\ 1
PHWK\OWULPHWK\OVLO\OWULپXRURDFHWDPLGH SULRU WR *&06 DQDO\VLV DQG
FRQYHUVLRQLQWRLWV1706DPLQHGHULYDWLYHDQGWKHVHSURFHVVHVPLJKW
DٶHFW WKH VWDELOLW\ RI VRPH PHWDEROLWHV ZKLFK DUH IRUPHG LQ WUDFH
DPRXQWVRULQGHHGWKH\PD\VLPSO\QRWEHYRODWLOHHQRXJKIRU*&06
DQDO\VLV >@ 2Q WKH RWKHU KDQG 9LQFHQW HW DO UHFHQWO\ UHSRUWHG WKH
SKDVH , DQG ,, PHWDEROLVP RI >&@ 67* DQG VL[ PHWDEROLWHV DW WUDFH
OHYHOV LQ KXPDQ SODVPD XULQH DQG IDHFHV XVLQJ /&06 DQG
UDGLRPHWULF GHWHFWLRQ XVLQJ WKH 7XUER,RQ6SUD\ LQWHUIDFH RSHUDWHG LQ
WKH SRVLWLYH LRQ PRGH 6L[ SKDVH , DQG ,, PHWDEROLWHV RI 67* ZHUH
REVHUYHGLQERWKKXPDQXULQHDQGIDHFHVDQGWKHVHZHUHVKRZQWREH
SURGXFWVRIK\GUR[\ODWHG1VXOIDWHG67*DQGWZRPHWDEROLWHVIRUPHG
E\ R[LGDWLYH GHVDWXUDWLRQ RI WKH SLSHUD]LQH ULQJ IROORZHG E\
F\FOL]DWLRQ ,W ZDV REVHUYHG WKDW LQ DOO KXPDQ VXEMHFWV WKH
JOXFXURQLGHVZHUHIXUWKHUWUDQVIRUPHGDQGZHUHQRWGHWHFWHGLQIDHFHV
VDPSOHV>@
6LPLODU REVHUYDWLRQV ZHUH VKRZQ LQ UDWV DQG GRJV ZKHUH DV LQ
KXPDQV DSSUR[LPDWHO\  RI WKH UDGLRODEHOHG RUDO GRVH ZDV
UHFRYHUHGLQWKHUDWDQGGRJH[FUHWDDVSKDVH,DQG,,PHWDEROLWHV$OO
WKHPHWDEROLWHVREVHUYHGLQKXPDQSODVPDXULQHDQGIDHFHVZHUHDOVR
REVHUYHG LQ UDW DQG GRJ SODVPD XULQH ELOH DQG IDHFHV DV ZHOO DV LQ
LQFXEDWLRQV LQ YLWUR ZLWK UDW GRJ DQG KXPDQ OLYHU PLFURVRPHV
+RZHYHUPHWDEROLVPZDVPLQLPDO LQDOOVSHFLHVLQYLWURDQG LQYLYR
5HVXOWV IURP LQ YLWUR H[SHULPHQWV ZLWK UHFRPELQDQW 3V DQG
PRQRFORQDODQWL3DQWLERGLHVVKRZHGWKDWWKHR[LGDWLYHPHWDEROLWH
RI67*LQKXPDQOLYHUPLFURVRPHVLVFDWDO\VHGSULPDULO\E\&<3$
ZLWKVRPHPLQRUFRQWULEXWLRQIURP&<3&>@НHDXWKRUVGLGQRW
GHWHFWDQ\RWKHUSURGXFWVDULVLQJIURP3KDVH,,PHWDEROLVPH[FHSWWKH
JOXFXURQLGHDQGVXOIDWHPHWDEROLWHV
$VNQRZOHGJHRI WKH$'0(SURFHVVHV IRU UHDFWLYHPHWDEROLWHV LVD
SUHUHTXLVLWH IRU WKHLU WR[LFRORJLFDO ULVN DVVHVVPHQW LW LV SUXGHQW WR
HOXFLGDWH ERWK WKH SKDVH , DQG ,, PHWDEROLF SDWKZD\V IRU 67*
HVSHFLDOO\LQWKHORQJWHUPDGPLQLVWUDWLRQIRUWKLVNLQGRIPHGLFDWLRQ
НLV SDSHU VHHNV WR DGGUHVV WKLV GHٽFLHQF\ E\ SUHVHQWLQJ WKH
HOXFLGDWLRQDQGSURٽOHRIERWKSKDVH,DQGSKDVH,,PHWDEROLFHYHQWVLQ
UDWKHSDWRF\WHSUHSDUDWLRQVXVLQJ/&06DQG/&06PHWKRGV
([SHULPHQWDO
&KHPLFDODQGUHDJHQWV
$OO UHDJHQWV ZHUH RI FRPPHUFLDO TXDOLW\ REWDLQHG IURP 6LJPD ?
$OGULFK *LOOLQJKDP 8. $OID$HVDU +H\VKDP 8. RU )LVKHU
6FLHQWLٽF/RXJKERURXJK8.DQGXVHGZLWKRXW IXUWKHUSXULٽFDWLRQ
6LWDJOLSWLQ SKRVSKDWH 67* ZDV REWDLQHG IURP .HPSURWHF /LPLWHG
8.+3/&JUDGHDFHWRQLWULOHZDVREWDLQHGIURP)LVKHU6FLHQWLٽF8.
DQGIRUPLFDFLGZDVREWDLQHGIURP%'+'25(678.
НH /& VHSDUDWLRQ ZDV SHUIRUPHG XVLQJ D ([DFWLYH 2UELWUDS
НHUPR )LVKHU 6FLHQWLٽF +HPHO +HPSVWHDG 8. ZKLFK ZDV
RSHUDWHGLQWKHSRVLWLYHPRGH$=,&+,/,&&ROXPQXPPP
 PP +L&KURP 5HDGLQJ 8. DQG DFTXLVLWLRQ ZDV SHUIRUPHG
XVLQJ;&DOLEXUVRіZDUH)UDJPHQWDWLRQH[SHULPHQWVZHUHFDUULHGRXW
XVLQJ /74 2UELWUDS НHUPR )LVKHU 6FLHQWLٽF +HPHO +HPSVWHDG
8.
'DWDSURFHVVLQJ
/&06 UDZٽOHV ZHUH SURFHVVHG E\НHUPR 6LHYH VRіZDUH ZKLFK
FDQ SURYLGH YDULDQFHV LQ WKH SORWV ZKLFK ZHUH KLJKOLJKWHG DQG WKH
H[DFW PDVVHV RI LRQV \LHOGLQJ WKH GLٶHUHQFH FRXOG EH GHWHFWHG НH
SDUDPHWHUV XVHG LQ WKLV VRіZDUH ZHUH WLPH UDQJH  PLQ PDVV
UDQJHDPXIUDPHZLGWKDPXDQG5WZLGWKPLQ>@,W
FDQ EH VKRZQ FOHDUO\ WKDW WKLV VRіZDUH GHWHFWHG D GLٶHUHQFH LQ WKH
LQWHQVLW\ SHDNV RI WKH PHWDEROLWH LRQV EHWZHHQ 67* LQFXEDWHG ZLWK
KHSDWRF\WHV IRU  PLQ DQG 67* LQFXEDWHG ZLWKEXٶHU DORQH DQG
KHSDWRF\WHVLQFXEDWHGLQWKHDEVHQFHRI67*DіHUPLQ
%LRWUDQVIRUPDWLRQRI67*LQ6SUDJXH'DZOH\UDW
KHSDWRF\WHV
$OODQLPDOSURFHGXUHVDGKHUHGWR8.+RPH2ٹFH*XLGHOLQHVDQG
ZHUH FDUULHG RXW XQGHU /LFHQFH 33/НH KHSDWRF\WHV ZHUH
SUHSDUHGIURPPDOH6SUDJXH'DZOH\UDWVERG\ZHLJKWUDQJH ?
JEUHGLQWKH8QLYHUVLW\RI6WUDWKFO\GHE\FROODJHQDVHSHUIXVLRQRIWKH
OLYHUV XVLQJ DPRGLٽFDWLRQ RI WKH PHWKRG E\ 0ROGHXV HW DO >@
НHFHOOYLDELOLW\ZDVFRQٽUPHGXVLQJD7U\SDQEOXHH[FOXVLRQWHVWDQG
ZDV ! 67*  Ɨ0 D VWDQGDUG FRQFHQWUDWLRQ XVHG WR VFUHHQ
PHWDEROLF SDWKZD\V ZDV LQFXEDWHG LQ  P/ URXQGERWWRPHGپDVNV
ZLWKKHSDWRF\WHVYLDEOHFHOOVP/LQ.UHEV+HQVHOHLW.+
EXٶHU FRQWDLQLQJ  P0 +(3(6 S+  НH VDPSOHV ZHUH
LQFXEDWHG ZLWK FRQVWDQW URWDWLRQ DW r& XQGHU DQ DWPRVSKHUH RI
R[\JHQFDUERQGLR[LGHIRUPLQ&RQWURO LQFXEDWLRQVRIL
UDW KHSDWRF\WHV LQ WKH DEVHQFH RI 67* DQG LL VROXWLRQV RI 67*
GLVVROYHGLQ.+EXٶHU S+ZDVDOVRFDUULHGRXW$OO LQFXEDWLRQV
ZHUHFDUULHGRXWLQWULSOLFDWHXVLQJWKUHHLQGHSHQGHQWDQLPDOV
6DPSOHSUHSDUDWLRQ
$OLTXRWV  P/ ZHUH UHPRYHG DW  PLQ  PLQ DQG  PLQ
IURPWKHLQFXEDWLRQVDQGTXHQFKHGE\DGGLWLRQRIDFHWRQLWULOHP/
НH VDPSOHV ZHUH FHQWULIXJHG  USP  PLQ DQG DQ\ UHPDLQLQJ
SURWHLQ UHPRYHG E\ IXUWKHU DGGLWLRQ RI DFHWRQLWULOH  P/ DQG
VXEVHTXHQW ٽOWUDWLRQ WKURXJK D %LRWDJH ,VROXWHp 337SURWHLQ
SUHFLSLWDWLRQ SODWH %LRWDJH /LPLWHG 6ZHGHQНHVH FUDVK SODWHV DUH
DWWDFKHGWRDYDFXXPPDQLIROGDQGHDFKVDPSOHPL[HGZLWKP/RI
DFHWRQLWULOH WR DOORZ WKH SURWHLQ WR SUHFLSLWDWH WKHQ WKH ٽOWUDWH ZDV
FROOHFWHGDQGDQDO\VHGE\HLWKHU/&06RU/&06
&LWDWLRQ .KUHLW2,**UDQW+0+HQGHUVRQ&:DWVRQ'*6XWFOLIIH2%,GHQWLILFDWLRQRI1RYHO0HWDEROLF3DWKZD\VRI6LWDJOLSWLQ67*E\
/&06DQG/&06DIWHU,QFXEDWLRQVZLWK5DW+HSDWRF\WHV-'UXJ0HWDE7R[LFROGRL
3DJHRI
-'UXJ0HWDE7R[LFRODQRSHQDFFHVVMRXUQDO
,661
9ROXPH ?,VVXH ?
НHHٹFLHQF\RI UHFRYHU\ IURPKHSDWRF\WHPDWUL[ZDVGHWHUPLQHG
WREHsIRU67*Q s6'
/LTXLGFKURPDWRJUDSK\PDVVVSHFWURPHWU\/&06
/LTXLG FKURPDWRJUDSK\PDVV VSHFWURPHWU\ /&06 GDWD ZHUH
DFTXLUHG XVLQJ DQ 2UELWUDS ([DFWLYH LQVWUXPHQW НHUPR)LVKHU
&RUSRUDWLRQ+HPHO+HPSVWHDG8.6DPSOHDQDO\VLVZDVFDUULHGRXW
ZLWKSRVLWLYHLRQ(6,GHWHFWLRQНHPDVVVFDQQLQJUDQJHZDV
P]ZKLOHWKHFDSLOODU\WHPSHUDWXUHZDVr&VSUD\YROWDJHZDV
N9DQGWKHVKHDWKDQGDX[LOLDU\JDVQLWURJHQپRZUDWHVZHUHDQG
UHVSHFWLYHO\XQLWVQRWVSHFLٽHGE\WKHPDQXIDFWXUHUНH/&06
V\VWHP FRQWUROOHG E\ ;FDOLEXU 9HU НHUPR)LVKHU &RUSRUDWLRQ
+HPHO +HPSVWHDG 8. ZDV UXQ LQ ELQDU\ JUDGLHQW PRGH ZLWK DQ
LQMHFWLRQ YROXPH RI  w/ 6ROYHQW $ ZDV DTXHRXV IRUPLF DFLG 
YYDQGVROYHQW%ZDVIRUPLFDFLGYYLQDFHWRQLWULOHWKHپRZ
UDWHZDVP/PLQ ?$=,&p+,/,&PPPPLGSDUWLFOH
VL]HwPFROXPQٽWWHGZLWKD=,&p+,/,&JXDUGFROXPQ+L&KURP
/LPLWHG 5HDGLQJ 8. ZDV XVHG IRU DOO DQDO\VHV НH JUDGLHQW
SURJUDPPH ZDV DV IROORZV  $  PLQ WR  $ DW  PLQ WR
$DWPLQWR$DWPLQWR$DWPLQWR
$DWPLQDQGٽQDOO\UHHTXLOLEUDWLRQZLWK$WRPLQ/&
06VSHFWUDZHUHREWDLQHGE\XVLQJDQ/742UELWUDSНHUPR)LVKHU
&RUSRUDWLRQ +HPHO +HPSVWHDG 8. ZLWK WKH VDPH VRXUFH FRQWURO
VRіZDUHDQGFKURPDWRJUDSKLFFRQGLWLRQVVSHFLٽHGDERYHНHVHOHFWHG
SUHFXUVRU LRQV ZHUH IUDJPHQWHG ZLWK D &,' YROWDJH RI  H9 'DWD
SURFHVVLQJ ZDV FDUULHG RXW XVLQJ 6,(9( 9HU  НHUPR)LVKHU
+HPHO +HPSVWHDG 8. 7R[,' 9HU  НHUPR)LVKHU +HPHO
+HPSVWHDG 8. DQG 0HW:RUNV 9HU  НHUPR)LVKHU +HPHO
+HPSVWHDG8.VRіZDUH
5HVXOWVDQG'LVFXVVLRQ
&RQٽUPDWLRQRI6SUDJXH'DZOH\UDWKHSDWRF\WHYLDELOLW\
НHYLDELOLW\RIWKHIUHVKO\LVRODWHGKHSDWRF\WHVZDVsDQG
H[SRVXUH WR67*KDGQRVLJQLٽFDQWHٶHFWRQYLDELOLW\FRPSDUHGZLWK
FHOOVLQFXEDWHGLQ.+EXٶHUDORQHIRUXSWRKUV
%LRWUDQVIRUPDWLRQRI67*LQ6SUDJXH'DZOH\UDW
KHSDWRF\WHV
8VLQJ WKH KLJK UHVROXWLRQ PDVV VSHFWURPHWHU  SRWHQWLDO 67*
PHWDEROLWHV ZHUH GHWHFWHG E\ XVLQJ 6,(9( VRіZDUH WR FRPSDUH WKH
FRQWURO LQFXEDWLRQ ZLWK WKH KHSDWRF\WH LQFXEDWLRQ FRQWDLQLQJ 67*
2QO\sRI WKHSDUHQW67*ZDVPHWDEROLVHGE\WKHHQGRI
WKH WZR KU LQFXEDWLRQ )LYH RI WKH HOHYHQ PHWDEROLWHV KDYH EHHQ
SUHYLRXVO\ LGHQWLٽHG >@ DORQJ ZLWK SURGXFWV DULVLQJ IURP VXOIDWLRQ
JOXFXURQLGDWLRQDFHW\ODWLRQK\GUR[\ODWLRQDQGRWKHUSDWKZD\V>@
НXV LW ZDV IRXQG WKDW UDW KHSDWRF\WHV FDWDO\VHG ERWK SKDVH , DQG
SKDVH ,, PHWDEROLVP RI 67* DQG RYHUDOO HOHYHQ PHWDEROLWHV ZHUH
SXWDWLYHO\LGHQWLٽHG7DEOH
0HWDEROLWH 5WPLQ P] )RUPXODSSP 06%DVH3HDN 2WKHU,RQV
67*   &+)12  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7DEOH3KDVH,DQGSKDVH,,PHWDEROLVPRI67*
&LWDWLRQ .KUHLW2,**UDQW+0+HQGHUVRQ&:DWVRQ'*6XWFOLIIH2%,GHQWLILFDWLRQRI1RYHO0HWDEROLF3DWKZD\VRI6LWDJOLSWLQ67*E\
/&06DQG/&06DIWHU,QFXEDWLRQVZLWK5DW+HSDWRF\WHV-'UXJ0HWDE7R[LFROGRL
3DJHRI
-'UXJ0HWDE7R[LFRODQRSHQDFFHVVMRXUQDO
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9ROXPH ?,VVXH ?
НH HOHPHQWDO FRPSRVLWLRQ DQG UHWHQWLRQ WLPHV RI WKH PHWDEROLWHV
DUH OLVWHG LQ 7DEOH  НH PDVV HUURU ZKHQ FRPSDUHG WR WKHLU
WKHRUHWLFDOPDVVHVRIDOO WKHGHWHFWHGPHWDEROLWHVZHUHZLWKLQs
SSP RI WKHLU DVVLJQHG HOHPHQWDO FRPSRVLWLRQ 7DEOH  KRZHYHU WKH
PRVWDEXQGDQWPHWDEROLWHVDіHUPLQVLQFXEDWLRQZHUHSURSRVHGWR
EHDURPDWLFK\GUR[\ODWLRQPHWDEROLWHV0 ? W5 PLQPLQP
]  DQG GHVDWXUDWHG PHWDEROLWHV IRUPHG WKURXJK GHVDWXUDWLRQ
RI 1& DQG && RI WKH SLSHUD]LQH ULQJ 0 DQG 0 ? UHVSHFWLYHO\
W5  PLQ  PLQ P]  0 ZDV IRUPHG IURP 67* E\
FRQYHUVLRQ RI D WHUWLDU\ DPLGH WR D TXDWHUQDU\ DPLGH YLD &1
GHVDWXUDWLRQ НH PDVV VSHFWUDO IUDJPHQWDWLRQ SDWWHUQ )LJXUH 
VKRZQ LQFOXGHG IUDJPHQW LRQ P]  DQG /LX VKRZHG VLPLODU
ٽQGLQJV DQG REWDLQHG WKH VDPH IUDJPHQWDWLRQ SDWWHUQНXV 0 ZDV
IRUPHGWKURXJKGHVDWXUDWLRQRI&1DQG0 ?WKURXJKGHVDWXUDWLRQ&
&RISLSHUD]LQHULQJ>@
)LJXUHНHPDVVVSHFWUDOIUDJPHQWDWLRQSDWWHUQ
НHOHYHOVRIPRVWRIWKHVHPHWDEROLWHVLQFUHDVHGIXUWKHUEHWZHHQ
DQGPLQRILQFXEDWLRQZLWKDFRUUHVSRQGLQJVOLJKWGHFUHDVHLQWKH
OHYHORIXQPHWDEROLVHGGUXJ67*W5 PLQ
,QFRQWUDVW WKH OHYHORI 0 W5 PLQP] ZDV VLPLODU
EHWZHHQPLQDQGPLQDQGWKHUHZDVDQLQFUHDVHLQWKHOHYHOVRI
LWV FRUUHVSRQGLQJ JOXFXURQLGH 0 W5  PLQ P]  НH
VXOIDWHPHWDEROLWH0W5 PLQP] FRXOGDOVREHFOHDUO\
REVHUYHGDіHUPLQRILQFXEDWLRQDQGLWLVFRQVLGHUHGDVWDEOHQRQ
WR[LF FRQMXJDWH ,Q VRPH FDVHV FKURPDWRJUDSKLF LQIRUPDWLRQ FDQ EH
XVHG WR GLٶHUHQWLDWH LVRPHULF SRVVLELOLWLHV НXV PHWDEROLWH 0 LV
SURSRVHG WR UHVXOW IURP K\GUR[\ODWLRQ RQ WKH DPLQH JURXS DW WKH
QXFOHRSKLOLF QLWURJHQ IRUPLQJ D K\GUR[\ODPLQH UDWKHU WKDQ
K\GUR[\ODWLRQRIWKHDURPDWLFPRLHW\RI67*0 ?0DQG0 ?HOXWH
DW D GLٶHUHQW UHWHQWLRQ WLPH W5  PLQ W5   PLQ
UHVSHFWLYHO\RQWKH=,&p+,/,&FROXPQ
НH ELRWUDQVIRUPDWLRQ RI 67* REVHUYHG IROORZLQJ LWV LQFXEDWLRQ
ZLWK 6SUDJXH'DZOH\ UDW KHSDWRF\WHV LV VXPPDULVHG НH G\QDPLF
UDQJHRIWKHLQVWUXPHQWZDVVXٹFLHQW WRVKRZERWKPDMRUDQGPLQRU
PHWDEROLWHV 0HWDEROLWH 0 DQG 0 ? HOXWHG DW  DQG  PLQ DQG
KDGDSURWRQDWHGPROHFXODULRQ>0+@DWP]ZKLFKLQGLFDWHV
SRVVLEOH K\GUR[\ODWLRQ DW 1+ 0 DV WKH ODUJHVW IUDJPHQW LRQ ZDV
REVHUYHGDWP]ZKLFKFDQEHDWWULEXWHGWRWKHORVVRI1+2+
RU ORVV RI  ' DW WKH DURPDWLF SRVLWLRQ PHWDEROLWH 0 ?WR SURGXFH
IUDJPHQWLRQP]
0RUHRYHU PHWDEROLWH 0 DQG 0 ? VKRZHG WKH VDPH SURWRQDWHG
PROHFXODULRQ>0+@DWP]WKHPROHFXODULRQVZHUH'DOHVV
WKDQWKDWRI67*SDUHQWLRQLQGLFDWLQJORVVRI+\GURJHQDWRPV'XH
WR WKH ODFN RI UHIHUHQFH VWDQGDUGV LQ WKLV VWXG\ WKH UHVXOWV FRXOG QRW
GHٽQH WKH H[DFW GHVDWXUDWLRQ SRVLWLRQV RI 0 DQG 0 ? +RZHYHU WKH
DGYDQWDJHRI WKHKLJK UHVROXWLRQRIPDVV VSHFWURPHWU\ LQDVVLJQPHQW
RIWKHODUJHVWIUDJPHQWDWP]VKRZHGWKHWZRSRVVLEOHVWUXFWXUHV
RIWKHVHPHWDEROLWHVDVGHVDWXUDWHGLQ&&DQG&1RIWKHSLSHUD]LQH
ULQJ)LJXUH,QDGGLWLRQWKHUHVXOWVRIWKLVVWXG\LQGLFDWHWKDW67*
LV PHWDEROLVHG WR DQ HOHFWURSKLOLF IRUP 0 ZKLFK LV DQ LRQL]HG
PHWDEROLWHDQGLWPD\EHLPSOLFDWHGLQDGYHUVHHٶHFWVRI67*DVLWLV
DQ HOHFWURSKLOLF HQWLW\ FDSDEOH RI LUUHYHUVLEOH UHDFWLRQ ZLWK WLVVXH
QXFOHRSKLOHV>@
:KHQ WKH SULPDU\ DPLQH XQGHUZHQW 1R[LGDWLRQ LW IRUPHG D
K\GUR[\ODPLQHНLV SURYLGHV D SDWKZD\ IRU PHWDEROLF GHDPLQDWLRQ
НXV 67* LV WUDQVIRUPHG WR D K\GUR[\ODPLQH WKDW WKHQ XQGHUZHQW
GHK\GUDWLRQ WR DQ LPLQH НLV LV VXEMHFWHG WR IXUWKHU PHWDEROLF
R[LGDWLRQWRJLYHDQR[LPHEHFDXVHWKHLPLQHKDGK\GURJHQDWWDFKHGWR
WKHQLWURJHQ0P]НHFDUERQRIWKHR[LPHLVHOHFWURSKLOLF
DQG ZDWHU DWWDFNV LW WR IRUP D FDUELQROK\GUR[\ODPLQH WKDW LV WKHQ
K\GURO\]HG WR IRUP D NHWRQH DQG K\GUR[\ODPLQH НXV 0 KDV D
SURWRQDWHGPROHFXODULRQ>0+@DWP]DQGZDVLGHQWLٽHGDV
DGHDPLQDWLRQPHWDEROLWHRI67*6FKHPH>@
6HYHUDOHQ]\PHV\VWHPVVXFKDV&<3GHSHQGHQW)02VFDQFDWDO\]H
12[LGDWLRQ UHDFWLRQV >@ DQG WKLV SDWKZD\ KDV WKH SRWHQWLDO WR
OHDG WR PHWDEROLWHV WKDW FDQ GDPDJH FHOOV YLD PXOWLSOH SDWKZD\V
0HWDEROLWHV VXFK DV WKH 1K\GUR[\O PHWDEROLWHV FDQ UHGR[ F\FOH WR
SURGXFH UHDFWLYH R[\JHQ VSHFLHV DQG RWKHU IUHH UDGLFDOV ZKLFK FDQ
GDPDJHPHPEUDQHVDQGOHDGWRR[LGDWLYHVWUHVV>@
НH SULPDU\ DPLQH JURXS LQ 67* UHDFWHG WR IRUP 1 JOXFXURQLGH
PHWDEROLWHV0W5 PLQP] НHIUDJPHQWDWLRQSDWWHUQ
VKRZHGDPDVVVKLіRI'DFRPSDUHGZLWKWKHSDUHQW67*EHFDXVH
WKHDPLQHQXFOHRSKLOLFIXQFWLRQDOJURXSVUHDFWDWWKHDFHWDOFDUERQRI
WKH VXJDU LQYHUWLQJ WKH FRQٽJXUDWLRQ DW WKDW VLWH WR JLYH DQ 1
JOXFXURQLGH FRQMXJDWHНLV UHDFWLRQ LV FDWDO\]HG E\ 8'3JOXFXURQ\O
WUDQVIHUDVHНHK\GUR[\ODPLQHJURXSLQ0DOVRFDQUHDFWWRIRUP2
JOXFXURQLGH PHWDEROLWHV 0 0 ? W5   DQG  PLQ P
]  *OXFXURQLGH IRUPDWLRQ LV DQ LPSRUWDQW VWHS LQ WKH
HOLPLQDWLRQRIPDQ\ LPSRUWDQWH[RJHQRXV VXEVWDQFHV IURPWKHERG\
WKHPDMRUJOXFXURQLGHPHWDEROLWHVREVHUYHGLQWKHFXUUHQWZRUNZHUH
0DQG0НHUHZDVDOVRDJOXFXURQLGHDVDPLQRUPHWDEROLWHDQ1
FDUEDPR\OJOXFXURQLGDWLRQ0W5 PLQP] 
.DUDEXOXWHWDOUHSRUWHGWKDWWKHQXPEHURIDSRSWRWLFFHOOVZDVWKH
VDPH LQ WKH SDQFUHDV RI KHDOWK\ DQG W\SH GLDEHWLF UDWV DіHU 67*
DGPLQLVWUDWLRQ 6HUXP JOXWDWKLRQH OHYHOV GLG QRW FKDQJH LQ HLWKHU
JURXS *OXWDWKLRQH FRQMXJDWHG PHWDEROLWHV ZHUH QRW GHWHFWHG LQ RXU
VWXG\ >@ KRZHYHU WKH 1R[LGH PHWDEROLWH QHHGV IXUWKHU VWXG\ WR
IXOO\FKDUDFWHULVHLWVSKDUPDFRORJLFDOWR[LFRORJLFDOHٶHFWV
'HپXRULQDWLRQ RI 67* RFFXUUHG IRUPLQJ 0 W5  PLQ P
]  LQ WUDFH DPRXQWV DіHU WZR KUV RI LQFXEDWLRQ SUHVXPDEO\
DіHU QLWURJHQ DQG DURPDWLF K\GUR[\ODWLRQ 0 W5  PLQ P
] 
&LWDWLRQ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6FKHPH'HDPLQDWLRQPHWDEROLWHRI67*
0HWDEROLFSURٽOLQJRI6LWDJOLSWLQ67*
'UXJV DUH HOLPLQDWHG IURP WKH ERG\ E\ H[FUHWLRQ DQG E\
WUDQVIRUPDWLRQ WR PHWDEROLWHVНHVH SURFHVVHV RFFXU VLPXOWDQHRXVO\
EXW ZKLFK RI WKHVH SURFHVVHV SUHGRPLQDWH YDULHV IURP RQH GUXJ WR
DQRWKHU$VWKHDPRXQWRIGUXJLQDV\VWHPGHSHQGVRQERWKLWVUDWHV
RIDEVRUSWLRQDQGHOLPLQDWLRQDQGWKHDPRXQWRIDVSHFLٽFPHWDEROLWH
SUHVHQW DOVR GHSHQGV RQ LWV UDWH RI IRUPDWLRQ DQG HOLPLQDWLRQ НH
PHWDEROLF SURٽOHV RI 67* S.D  /RJ 3  ZHUH GHWHUPLQHG
XVLQJ WKUHH VHSDUDWH LQFXEDWLRQV RI WKH GUXJV ZLWK LVRODWHG UDW
KHSDWRF\WHV)LJXUH
НH UHODWLYH OHYHOVRI WKHGHWHFWHGPHWDEROLWHVRI67* LQGLFDWH WKDW
HOHYHQ PHWDEROLWHV ZHUH LGHQWLٽHG LQ WKH IUHVKO\ LVRODWHG FHOOV НH
SURGXFWLRQ VSHFWUXP RI SURWRQDWLRQ UHFRUGHG DW  H9 FROOLVLRQ
HQHUJ\ LV VKRZQ LQ )LJXUH  DQG RQO\ DURPDWLF K\GUR[\ODWLRQ 67*
0 ? P]  ZDV IRUPHG LQ ODUJH DPRXQWV ,Q DGGLWLRQ WKH
IRUPDWLRQ RI PHWDEROLWH 0 ? P]  LQFUHDVHGDіHU WZR KUV
LQFXEDWLRQ SHULRG E\ DSSUR[LPDWHO\  ,Q WKH FDVH RI 67* WKH
KLVWRJUDPLQGLFDWHVWKDWWKHPDMRUPHWDEROLWHVRI67*ZHUH0 ?P
]  0 P]  0 P]  DQG 0 ? P
] )LJXUHНHDPRXQWRI0DQG0LQFUHDVHGVORZO\
WKURXJKRXW WKH WZR KU LQFXEDWLRQ SHULRGНH PDMRULW\ RI 3KDVH ,,
PHWDEROLWHVLGHQWLٽHGLQ67*ZHUHIRXQGDWORZOHYHOVDWPLQDQG
LQFUHDVHG VOLJKWO\ E\  PLQ НH 1VXOIDWH PHWDEROLWH 0 P
]   LQFUHDVHG VORZO\ WKRXJK WKH OHYHOZDV ORZDWDVZHOO DV
PLQPRUHRYHU0P] 0P] DQG0P
]  ZHUH LGHQWLٽHG DW RQO\ WUDFH DPRXQWV KRZHYHU WKH
VHQVLWLYLW\DQGKLJKUHVROXWLRQRIWKHLQVWUXPHQWZDVVXٹFLHQWWRVKRZ
WKHVHPLQRUPHWDEROLWHV
,QDVLPLODUFDVHLQDKHDOWK\PDOH+HUPDQVKRZHGWKDWDOPRVWDOO
67* ZDV H[FUHWHG XQFKDQJHG LQ XULQH DQG IDHFHV DіHU RUDO
DGPLQLVWUDWLRQ,WZDVHOLPLQDWHGLQXULQHDQGLQWKHIDHFHV
5HQDO FOHDUDQFH LQYROYLQJ DFWLYH WXEXODU VHFUHWLRQ ZDV WKH PDLQ
HOLPLQDWLRQ SDWKZD\ >@ ,Q RXU VWXG\ DV FDQ EH VHHQ IURP 7DEOH 
WKH UHVXOWV REWDLQHG IURP WKH SUHOLPLQDU\ DQDO\VLV RI UDW KHSDWRF\WH
LQFXEDWLRQV VKRZHG ERWK SKDVH , DQG SKDVH ,, PHWDEROLVP RI 67*
+RZHYHUWKHPHWDEROLVPRI67*LQOLYHUFHOOVZDVDOVRPLQLPDO0+
ZDVWKHPDMRUPHWDEROLWHIRUPHG$FRQVLGHUDEOHDPRXQWRIOLWHUDWXUH
KDVEHHQSXEOLVKHGRQ67*PHWDEROLVP$OO WKHPHWDEROLWHV UHSRUWHG
LQSUHYLRXVVWXGLHVKDYHEHHQSURGXFHGLQRXUVWXG\ZKHQKHSDWRF\WHV
ZHUH LQFXEDWHG ZLWK 67* H[FHSW IRU WKH JOXWDWKLRQH FRQMXJDWH
UHSRUWHGE\%HFRQL>@ZKLFKZDVDEVHQWLQRXUVWXG\
НHPRVWREYLRXVٽQGLQJ WRHPHUJH IURPWKHDQDO\VLV LV WKDW WRWDO
PHWDEROLVPRI67*ZDVRQO\DERXW ,W FDQ WKXVEH VXJJHVWHG WKDW
WKH DGYHUVHHٶHFWV WKDW ZHUH UHSRUWHG UHFHQWO\ PD\ EH FDXVHG E\ WKH
SDUHQWGUXJНLVYLHZLVVXSSRUWHGE\6ZDOORZZKRUHSRUWHGWKDWKLJK
PHWDEROLF VWDELOLW\ DQG ELRDYDLODELOLW\ RI 67* RI  ZHUH
GHPRQVWUDWHGLQYLYRLQKHDOWK\YROXQWHHUVDQGWKHDXWKRUVKRZHGWKDW
UHQDOFOHDUDQFHRIXQFKDQJHG67*DFFRXQWHGIRUDSSUR[LPDWHO\RI
WKH WRWDO SODVPD FOHDUDQFH RI 67*НHUHIRUH IXUWKHU VWXGLHV RI WKH
DGYHUVH HٶHFWV RI 67* ZKLFK WDNH WKHVH YDULDEOHV LQWR DFFRXQW ZLOO
QHHGWREHXQGHUWDNHQ>@
&LWDWLRQ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)LJXUHНHPHWDEROLFSURٽOHVRI67*S.D /RJ3 ZHUHGHWHUPLQHGXVLQJWKUHHVHSDUDWHLQFXEDWLRQVRIWKHGUXJVZLWKLVRODWHG
UDWKHSDWRF\WHV
&RQFOXVLRQ
НH GDWD SUHVHQWHG ERWK FRQٽUP DQG H[SDQG XSRQ SUHYLRXVO\
UHSRUWHG REVHUYDWLRQV WKURXJK WKH LGHQWLٽFDWLRQ RI DOO 3KDVH ,,
PHWDEROLWHVKRZHYHUQRHYLGHQFHRIWKHIRUPDWLRQRIULQJF\FOL]DWLRQ
DіHU R[LGDWLYH GHVDWXUDWLRQ RI WKH SLSHUD]LQH ZHUH GHWHFWHG LQ WKH
FXUUHQW VWXG\ 67* VKRZV VRPH QRYHO PHWDEROLWH SDWKZD\V VXFK DV D
GHDPLQDWHG PHWDEROLWH LQ ZKLFK WKH DPLQR JURXS LV UHSODFHG E\
R[\JHQНHNH\SKDUPDFRNLQHWLFSDUDPHWHUVIRU67*UHSRUWHGKHUHLQ
PD\EHRIVLJQLٽFDQFHWRPHGLFDOSKDUPDFRORJLVWVDQGFDQEHXVHGWR
SUHGLFW ERWK WKH LQ YLYR PHWDEROLVP DQG WKH OLNHO\ SKDUPDFRNLQHWLF
HٶHFWVRI67*ZLWKLQWKLVFODVVRIDQWLGLDEHWLFVXEVWDQFHV>@
НH SUHVHQW VWXG\ FRQٽUPV SUHYLRXVٽQGLQJV RI 67* PHWDEROLVP
НLV VWXG\ GLG QRW FRQٽUP IRUPDWLRQ RI D JOXWDWKLRQH FRQMXJDWH
PHWDEROLWHDQGIRUWKRVHQHZPHWDEROLWHVVXFKDVGLNHWRQHPHWDEROLWH
RI 67* 1K\GUR[\ODWLRQ DQG R[LPH PHWDEROLWHV IXUWKHU VWXGLHV DUH
QHHGHGWRLQYHVWLJDWHWKHSKDUPDFRORJLFDOHYDOXDWLRQ
$FNQRZOHGJHPHQWV
НH DXWKRUV JUDWHIXOO\ DFNQRZOHGJH 'U *DYLQ - %ODFNEXUQ
8QLYHUVLW\ RI 6WUDWKFO\GH 6,3%6 DQG 'U 0RKDPPHG $/ EUDWW\
6DXGL$UDELD*X]DQ8QLYHUVLW\IRUDVVLVWDQFHZLWKGDWDDQDO\VLVDQG
ODERUDWRU\VXSSRUWIRUWKLVZRUNWKURXJK8QLYHUVLW\RI6WUDWKFO\GH
5HIHUHQFHV
 :XD -<& 6KLD ; *XD :  'LSHSWLG\O SHSWLGDVH ,9 '33 ,9 D
QRYHOHPHUJLQJWDUJHWIRUWKHWUHDWPHQWRIW\SHGLDEHWHV-1DQMLQJ0HG
8QLY
 /DQNDV*5'LSHSWLG\OSHSWLGDVH,9LQKLELWLRQIRUWKHWUHDWPHQWRI
W\SH  GLDEHWHV SRWHQWLDO LPSRUWDQFH RI VHOHFWLYLW\ RYHU GLSHSWLG\O
SHSWLGDVHVDQG'LDEHWHV
 &KDUERQQHO %  (ٹFDF\ DQG VDIHW\ RI WKH GLSHSWLG\O SHSWLGDVH
LQKLELWRUVLWDJOLSWLQDGGHGWRRQJRLQJPHWIRUPLQWKHUDS\LQSDWLHQWVZLWK
W\SH  GLDEHWHV LQDGHTXDWHO\ FRQWUROOHG ZLWK PHWIRUPLQ DORQH 'LDEHWHV
&DUH
 ,GULV , 'RQQHOO\ 5  'LSHSWLG\O SHSWLGDVH,9 LQKLELWRUV D PDMRU
QHZFODVVRIRUDODQWLGLDEHWLFGUXJ'LDEHWHV2EHV0HWDE
 &KR\0/DP66LWDJOLSWLQDQRYHOGUXJIRUWKHWUHDWPHQWRIW\SH
GLDEHWHV&DUGLRO5HY
 KWWSZZZIGDJRY'UXJV'UXJ6DIHW\XFP
 8©DNW¾UN (  'HYHORSPHQW RI D JDV FKURPDWRJUDSK\PDVV
VSHFWURPHWU\ PHWKRG IRU WKH DQDO\VLV RI VLWDJOLSWLQ LQ KXPDQ XULQH -
3KDUP%LRPHG$QDO
 9LQFHQW6+0HWDEROLVPDQGH[FUHWLRQRIWKHGLSHSWLG\OSHSWLGDVH
LQKLELWRU>&@VLWDJOLSWLQLQKXPDQV'UXJ0HWDE'LVSRV
 %HFRQL 0*  'LVSRVLWLRQ RI WKH GLSHSWLG\O SHSWLGDVH  LQKLELWRU
VLWDJOLSWLQLQUDWVDQGGRJV'UXJ0HWDE'LVSRV
 %UDWW\ 0$  0HWDERORPLF SURٽOLQJ UHYHDOV WKDW 'URVRSKLOD
PHODQRJDVWHUODUYDHZLWKWKH\PXWDWLRQKDYHDOWHUHGO\VLQHPHWDEROLVP
)(%62SHQ%LR
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 0ROGHXV3+RJEHUJ-2UUHQLXV6,VRODWLRQDQGXVHRI OLYHUFHOOV
0HWKRGV(Q]\PRO
 .KUHLW 2,*  (OXFLGDWLRQ RI WKH 3KDVH , DQG 3KDVH ,, PHWDEROLF
SDWKZD\V RI sƍPHWK\OPHWKFDWKLQRQH 00& DQG sƍ
WULپXRURPHWK\OPHWKFDWKLQRQH 7)00& LQ UDW OLYHU KHSDWRF\WHV
XVLQJ/& ?06DQG/& ?06-3KDUP%LRPHG$QDO
 /LX'4&KDUDFWHUL]DWLRQRI7ZR&\FOLF0HWDEROLWHVRI6LWDJOLSWLQ
'UXJ0HWDE'LVSRV
 0DFKHUH\ $& 'DQVHWWH 30  &KDSWHU %LRWUDQVIRUPDWLRQV
/HDGLQJ WR 7R[LF 0HWDEROLWHV &KHPLFDO $VSHFW $:HUPXWK &DPLOOH
*HRUJHV LQ НH 3UDFWLFH RI 0HGLFLQDO &KHPLVWU\ НLUG (GLWLRQ
$FDGHPLF3UHVV1HZ<RUNSS
 5LFH -(  &KDSWHU 'UXJ 0HWDEROLVP ,Q 5LFH -( HG 2UJDQLF
&KHPLVWU\ &RQFHSWV DQG $SSOLFDWLRQV IRU 0HGLFLQDO &KHPLVWU\
$FDGHPLF3UHVV%RVWRQSS
 <DQQL6%,QYLWURKHSDWLFPHWDEROLVPH[SODLQVKLJKHUFOHDUDQFHRI
YRULFRQD]ROH LQ FKLOGUHQ YHUVXV DGXOWV UROH RI &<3& DQG پDYLQ
FRQWDLQLQJPRQRR[\JHQDVH'UXJ0HWDE'LVSRV
 3DWULFN */  $Q LQWURGXFWLRQ WR PHGLFLQDO FKHPLVWU\ 2[IRUG
8QLYHUVLW\3UHVV
 9DOHQWRYLF 0$  &KDUDFWHUL]DWLRQ RI PHWKHPRJORELQ IRUPDWLRQ
LQGXFHG E\ GLFKORURDQLOLQH DPLQRGLFKORURSKHQRO DQG 
GLFKORURSKHQ\OK\GUR[\ODPLQH7R[LFRORJ\
 5DFLQH&7ULFKORURDQLOLQH1HSKURWR[LFLW\ LQYLWUR3RWHQWLDO
5ROH RI )UHH 5DGLFDOV DQG 5HQDO %LRWUDQVIRUPDWLRQ ,QW - 0RO 6FL 

 .DUDEXOXW 6 &RVNXQ =0 %RONHQW 6  ,PPXQRKLVWRFKHPLFDO
DSRSWRWLF DQG ELRFKHPLFDO FKDQJHV E\ GLSHSWLG\O SHSWLGDVH LQKLELWRU
VLWDJOLSWLQLQW\SHGLDEHWLFUDWV3KDUPDFRO5HS
 +HUPDQ *$  3KDUPDFRNLQHWLFV DQG SKDUPDFRG\QDPLFV RI
VLWDJOLSWLQ DQ LQKLELWRU RI GLSHSWLG\O SHSWLGDVH ,9 LQ KHDOWK\ VXEMHFWV
UHVXOWV IURP WZR UDQGRPL]HG GRXEOHEOLQG SODFHERFRQWUROOHG VWXGLHV
ZLWKVLQJOHRUDOGRVHV&OLQ3KDUPDFROНHU
 6ZDOORZ 6  &KDSWHU 7ZR)OXRULQH LQ 0HGLFLQDO &KHPLVWU\ ,Q
/DZWRQ*DQG:LWW\'5HGV3URJUHVVLQ0HGLFLQDO&KHPLVWU\(OVHYLHU
SS
 %HUJPDQ $  $EVROXWH ELRDYDLODELOLW\ RI VLWDJOLSWLQ DQ RUDO
GLSHSWLG\O SHSWLGDVH LQKLELWRU LQ KHDOWK\ YROXQWHHUV %LRSKDUPDFHXW
'UXJ'LVSRV
 %HQLJQL5%RVVD&0HFKDQLVPVRI&KHPLFDO&DUFLQRJHQLFLW\DQG
0XWDJHQLFLW\ $ 5HYLHZ ZLWK ,PSOLFDWLRQV IRU 3UHGLFWLYH 7R[LFRORJ\
&KHP5HY
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